INTRODUCTION
C DZNTE (CZT) has emerged in the last decades as one of the most suitable materials for the realization of room temperature x-ray and gamm a ray radiation detectors [1] [2] [3] . Great efforts have been done to improve the crystal quality, however the presence of extended defects and secondary phases is still one of the main problems that nowadays limits the uniformity in the CZT based detectors response and hence the exploitation of such devices [4, 5] . A particular attention should be paid to the study of the deep levels present in the energy gap of the material and their possible correlation with the common features and structural defects that are present in the material. It is well known the effect of deep levels on the carrier lifetime and hence the problems induced by their presence in radiation detector materials. Te inclusions and precipitates represent the most common secondary phase in CZT crystals and they are due to the Te rich crystal growth conditions and the retrograde behavior of the liquidus curve [6] . The study of the basic properties and the effect on the detector performances of tellurium inclusions is significant for both monitoring of the crystal quality and understanding the inclusion formation processes occurring during the crystal growth. Secondary phases can be revealed by different methods (e.g. by measuring the partial vapour pressure [7] ), however the most versatile tool for revealing the inclusions is the infrared (lR) optical microscopy. With the latter technique, infact, in addition to the measurement of the overall stoichiometry deviation, all the information about the distribution and the size of the inclusions can be measured [8] . The role of inclusions in decreasing the charge collection efficiency has been demonstrated in recent years [4, 5, 9, 10] . In these papers the deteriorating effect associated with inclusions is mainly ascribed to the scattering of carriers at the inclusion sites. However, it is also known that tellurium inclusions are typically surrounded by a network of extended defects [11, 12] . More recently, the region surrounding tellurium inclusions has been investigated by photoluminescence mapping in the 1.3-1.7 energy range [13] .
In this work a large inclusion (20 �m) near the sample surface (few microns) was identified using the IR microscopy and photoluminescence mapping was carried out in the region surrounding the inclusion.
I. EXPERIMENTAL
The CZT samples studied in this work are grown at IMEM using a Vertical Bridgman furnace. A detailed description of the growth process is provided elsewhere [14, 15] . The 2 inches ingots are obtained starting from high purity elements (7N). High resistivity is obtained by growing in Te rich conditions and by intentionally doping with In (1 to 5 ppm).
The samples were obtained by cutting the ingot into wafers perpendicular to the growth axis and then selecting the single crystal regions inside the wafer. The samples are cut with standard dimensions of 5 x 5 mm and with thickness ranging from 1 to 2 mm.
The sample surfaces are then polished with diamond pastes with grane down to 0.1 �m.
The as-polished sample is mounted on the IR mciroscope in order to create a map of the inclusions inside the entire volume.
An instrument for 3D reconstruction based on IR microscopy has been recently developed at IMEM. The system is mounted on a standard optical microscope and is able to determine the position and dimension of inclusions with diameter larger then 1 �m [8] . We focused our attention on large inclusions (20 �m or more), being the choice of a large inclusion preferred because the influence on the surrounding 978-1-4673-0120-6/11/$26.00 ©2011 IEEElattice properties is expected to be higher and hence it can be more easily studied with the PL.
Photoluminescence (PL) is commonly used to analyze the defects present in the band gap. Photoluminescence mapping was carried out at 77 K using a Fourier-transform spectrophotometer equipped with an x-y mapping stage. By raster scanning the sample it is possible to obtain a full emission spectrum for every point interrogated and, subsequently, data processing it, in order to extract the desired information, such as the band-edge emission energy or the integrated intensity under a certain PL emission. The spatial resolution of the system is estimated to be 10 11m.
The exact position of the large inclusion is identified by the 3D IR reconstruction (Fig. 1) . The inclusions dimensions are ranging between 2 and 20 11m.
The optimal location of the inclusion for the PL study can be obtained by chemicaly etching the surface. The standard etching solution based on Br-methanol is used [16, 17] . At the end of the etching procedure, the inclusion is not visible using the optical microscope in reflection mode with visible light, however it is clearly identified by switching the system in transmission mode in the near JR, as shown in Fig. 2 . Both the inclusion and the small scratch induced near the inclusion on the sample surface appear in focus in the IR picture. Thus, we estimate that the inclusion should be just 1-2 microns beneath the sample surface.
PL spectra were detected using the Bruker IFS66 Fourier spectrometer equipped with both Si and InGaAs detectors. The instrument is equipped with an automatic x-y movement for the acquisition of micron-scale maps. The measurement is controlled by a Bruker commercial software for the elaboration of the obtained raster scans.
By processing the emission spectra, it is possible to obtain several maps and extract different information starting from the same set of spectra. 
II. RESULTS AND DISCUSSION
A PL raster scan is carried out in the region surrounding the inclusion. The PL spectrum at 77 K in the proximity of the inclusion, Fig. 3 , shows four main contributions. The peak at higher energy (1.64 eV) is due to near bang-gap recombination. The broad band emission centered around 1.4 eV is commonly related to a complex formed by the cadmium vacancy and the Indium in the cadmium site [18] , the so-called A-center. The band centered at 1.07 eV is attributed in the literature to Te vacancies [19] or Fe related complex [20, 21] . These bands are features that are commonly observed in the PL emission and widely studied in literature. The fourth one at 0.78 eV is instead not always present in the PL spectrum and is sometimes related in the literature to Te antisites (Teed) [22] . In Fig. 4 is shown the PL map corresponding to the portion of the sample reported in Fig. 2 . The PL spectra composing the map of Fig.4 were acquired with a scan resolution of 20 11m per step, every pixel corresponds to an emission spectrum. The PL spectra were processed by integrating over the A-center emission. Different colors of the map in Fig. 4 correspond to a different value of the integrated intensity over the A-center peak emission. The integration over the A-center revealed the exact position of the scratch (highlighted by the black circle as in Fig. 2 ), because the light scattering produced by the surface damage strongly reduce the intensity of the emission in correspondence of the scratch. No considerable variation of the integrated intensity can be associated with the near inclusion region.
1. --r----,-----�---,----_rn._--,_--- After we have ascertained, from Fig. 4 map, that we have identified the region where the large volume inclusion is located, we have used the same set of spectra and integrated over the mid-gap region looking for a correlation with the near-inclusion region. The integration shows a clear enhancement of the mid-gap emission at the inclusion (Fig. 5) . The raster scan resolution is comparable with the dimensions of the studied inclusion, according to that the maximum of the emission intensity is occurring in one single pixel and a weaker emission enhancement is noted away from the region surrounding the inclusion.
Thus, a second scan was carried out focusing on the inclusion region and increasing the resolution of the scan to 8 �m per step. The resulting map is shown in Fig. 6 . The spectra were processed with the same integration parameters used for the generation of the map in Fig. 5 . The presence of the localized mid-gap emission, correlated to the inclusion, is confirmed by this second measurement. Also, in the second map the correlation between the increase in the emISSIon intensity of the mid-gap band and the region surrounding the inclusion is present.
The PL measurements show a clear spatial correlation between the Te inclusions and the presence of a deep level located at 0.78 eV.
Different hypotheses can be formulated about the origin of this defect. For example, it could be correlated with the presence of dislocations typically surrounding tellurium inclusions. Another possibility is that this emission could be due to impurities gettered by these dislocations. Also, we could think that around the tellurium inclusion, the CZT lattice is tellurium rich, thus promoting the formation of the tellurium antisite defect that is often reported to produce an energy level close to the mid gap.
Whatever the origin of this emission, mid-gap levels are known to be potentially active as recombination centers for non-equilibrium carriers. Thus, the presented data are in agreement with other studies that showed a deterioration of the detector properties in the presence of Te inclusions. However, while previous studies attribute the degradation associated with tellurium inclusions mainly to a scattering effect, the shown results suggest that the degradation can also be caused by the presence of deep levels generated by defects surrounding the inclusions.
III. CONCLUSIONS
We have analyzed the presence of Te inclusions inside some CZT:In samples grown at IMEM-CNR using a boron oxide encapsulated Vertical Bridgman furnace.
A high resolution IR microscope was used for the determination of the inclusion distribution. A 3D reconstruction software was also developed at IMEM and used for the selection of a single inclusion close to the sample surface, with suitable dimension.
PL maps showed an enhancement of a mid-gap emission band in the region close to the inclusion. Different defects could be the origin of this emission band. However, mid-gap levels act typically as lifetime killers for carriers. Thus, the shown results indicate that the degradation of detector properties induced by the inclusions could be attributed not only to the scattering of the carriers by the inclusions, but also by the recombination properties of the defects surrounding them.
